Motivated by the prospects for an improved test of lepton universality in K → ℓν decays by the NA62 experiment at CERN, we study predictions for the possible lepton nonuniversality in K → ℓν decays in supersymmetric models. Violations of µ − e universality in this process may originate from mixing effects in the right-handed slepton sector, providing a unique window into this aspect of supersymmetric flavour physics in the large-tan β region. Minimal unification scenarios with universal soft supersymmetry-breaking terms at the GUT scale would predict negligible violation of lepton universality. However, lepton non-universality may be observable in non-minimal grand unified models with higherdimensional terms contributing to fermion masses, in which case renormalization effects above the GUT scale may enhance the mixing among the right-handed sleptons. This could leads to observable lepton non-universality in K → ℓν decays in specific regions of the parameter space with high tan β, large A terms and small charged Higgs boson mass. Observable non-universality in K → ℓν decays would be correlated with a large value of BR(τ → eγ). The experimental upper limit on the electric dipole moment of the electron could be reconciled with leptogenesis, if the latter occurs at a relatively low scale, which would also alleviate the cosmological gravitino problem. Even if lepton non-universality is not seen in the near future, one may nevertheless obtain significant constraints on the model parameters and unknown aspects of right-handed fermion and sfermion mixing.
Introduction
A large number of experiments have measured neutrino oscillations [1, 2, 3, 4, 5] , thereby providing important information on the neutrino mass differences and mixing angles [6] . Within the framework of supersymmetry, massive neutrinos lead to charged-lepton-flavour violation (LFV) via radiative corrections to sfermion masses [7, 8] , that may be observable in forthcoming experiments. The predictions of models of massive neutrinos for processes such as µ → eγ, µ → 3e, τ → µγ, µ → e conversion on heavy nuclei and sparticle decays at the LHC [9] have been studied extensively [8] . These predictions are frequently very close to the current experimental limits [8, 10, 11, 12] , and may be further refined by requiring successful leptogenesis [13, 14] and sneutrino inflation [15] .
In addition to charged-lepton decays, rare decays of mesons are also of potential interest. In a previous work, we studied in detail rare kaon decays [16] to µe pairs with and without accompanying pions, finding that radiative corrections related to neutrino mixing may induce significant rates, even when starting from universal initial conditions for the soft terms at a high-energy input scale. In these examples, as well as in most low-energy LFV processes, the relevant mixing arose dominantly from left-handed slepton mixing induced via the renormalization-group equations (RGEs).
It has recently been pointed out that mixing effects in the right-handed sfermion sector can be probed very sensitively by checks on µ − e universality in the decays K → ℓν , ℓ ≡ e, µ which can be generated by flavour non-universality in an effectiveν τ ℓ R H + coupling [17, 18, 19] . In general, the uses of meson decays as probes of physics beyond the Standard Model (SM) are complicated by hadronic uncertainties. However, working with the ratios of the electronic and muonic decay modes, in this case R K ≡ Γ(K → eν)/Γ(K → µν), the hadronic uncertainties cancel to a large extent, allowing a precise confrontation between theory and experiment. The current bound on R K is given by [20] :
which is to be compared with the SM prediction R SM K = (2.472±0.001)·10 −5 [21] . The NA62 experiment at CERN now plans a significant improvement in the experimental accuracy, expecting to reduce the uncertainty in R K to ±0.003.
Any violation of µ−e universality in K → ℓν decays would constitute unambiguous evidence for new physics. In particular, within a supersymmetric framework, it would provide crucial information on right-handed slepton mixing, thereby complementing in an important way the other LFV processes studied previously [17] . As we discuss later, in schemes with universal soft scalar masses at the GUT scale, the experimental bounds on other LFV processes imply that RGE effects below the GUT scale would be insufficient to generate non-negligible µ − e non-universality in K → ℓν decays. However, right-handed slepton mixing and µ−e non-universality might arise through RGE effects above the GUT scale [22] in models where universality of the soft supersymmetry-breaking contributions to the righthanded slepton masses is assumed at some higher input 'gravity' scale M grav . This might then lead to observable non-universality in K → ℓν if tan β is large and other conditions on the supersymmetric model parameters are also met. However, the simultaneous presence of both left-and right-slepton flavour mixings, together with very large values of tan β, would in general imply too large rates for the LFV decays end electric dipole moments (EDMs) of charged leptons. Therefore, in order for non-universality to be observable in K → ℓν, consistency with the present bounds on LFV imposes non-trivial conditions on the flavour physics as well as the supersymmetry-breaking pattern.
In this paper we study the patterns of the soft supersymmetry breaking terms required for obtaining observable renormalization induced µ − e non-universality effects in the NA62 experiment at CERN. As an initial condition we assume the SUSY breaking parameters to be flavour universal at M grav > M GU T and consider the RGE running of the soft supersymmetry-breaking mass parameters both above and below the GUT scale. We assume the seesaw mechanism [23] with three singlet neutrinos, and we use the observed neutrino masses and mixing angles as inputs. We apply a parameterization via a Hermitian matrix H [24] employing the orthogonal parameterization [11] to calculate the corresponding singlet neutrino Yukawa couplings Y ν and masses M N . This parameterization greatly facilitates keeping the RGE-induced left-handed slepton flavour structure under control. Within the minimal supersymmetric SU(5) GUT, the flavour mixing of the right-handed sfermions is RGE-induced above the GUT scale by the Cabibbo-Kobayashi-Maskawa matrix. However, it is well known that this minimal SU(5) GUT relates m e and m µ incorrectly to m d and m s . This defect can be cured by adding supplementary terms in the d-quark and charged-lepton mass matrices and in the coloured triplet Higgs Yukawa couplings originating from higher-order, non-renormalizable terms in the effective superpotential below M grav [25] . The corrected Yukawa couplings leave their imprint on the flavour structure of the right-slepton supersymmetry breaking parameters via renormalization above the GUT scale.
Throughout our analysis, we require the magnitude and pattern of supersymmetry breaking parameters to be consistent with supersymmetric Dark Matter, the baryon asymmetry of the Universe, and with all present bounds on flavour-violating decays and EDMs. This imposes nontrivial requirements on the pattern of SUSY breaking parameters. As an example, one pattern of supersymmetry breaking which simultaneously gives the desired Higgs and sparticle mass spectrum, the correct amount of DM, and large RGE induced non-universality effects, is a tuned version of the so called Higgs boson exempt no-scale supersymmetry breaking [26] . This scenario allows us to generate small charged Higgs boson masses, while keeping all other soft mass terms heavy so that all other relevant observables like (g − 2) µ , B → µµ, b → sγ etc. are consistent with the measurements. One consequence of this sample SUSY breaking point is that supersymmetric particles would be difficult to discover at the LHC, whereas the charged Higgs boson should be relatively easily accessible at the LHC [27] .
Within this framework, we we find examples with values of the renormalization induced nonuniversality parameter ∆R K as high as ∼ O(10 −2 ) to (10 −3 ), well within the reach of the NA62 experiment. However, in order to achieve this, a very constrained flavour structure for Yukawa matrices is required in order to keep LFV decays under control while generating large non-universality effects in K → ℓν. As a result, we find a strong correlation between the decay τ → eγ and the size of R K . Observation of one of them would, knowing the SUSY parameters and the mass of the charged Higgs boson, predict the other. In order to have observable R K , the charged Higgs boson must be light while the other supersymmetric particle masses must be heavy in order to suppress τ → eγ below the experimental bounds.
In this scenario large EDMs of charged leptons are induced if there are phases in the complex neutrino Yukawa couplings Y ν as would be needed to generate the baryon asymmetry of the Universe via leptogenesis [28] . At large tan β, and due to the simultaneous presence of both δm LL and δm RR flavour mixings, neutrino Yukawa-induced contributions to the i-th lepton EDM is strongly enhanced due to the dominant term (δm
While in the minimal SUSY seesaw models the induced charged lepton EDMs are, in the most optimistic case, a few orders of magnitude below the present experimental bound [29, 30, 31] , in our scenario the EDMs can be significantly larger. Suppressing the electron EDM below the experimental bound d e < 1.6 · 10
−27 e cm [32] by assuming small phases in the neutrino Yukawa couplings is possible but, in the absence of a concrete theory of phases, may be unnatural, and would also suppress the CP asymmetry for leptogenesis. We find that the natural way to suppress the electron EDM in this scenario is related to the flavour structure of the heavy neutrino Yukawa couplings and, consequently, the flavour structure of the induced soft SUSY breaking terms. Using the H parameterization of neutrino Yukawa couplings [24] , assuming H 11 ≪ H 22,33 would imply M N 1 ≪ M N 2,3 and, therefore, small Yukawa couplings of the lightest heavy neutrino N 1 . Hence, for a given M N 1 we find an upper limit on the electron EDM. We argue that the gravitino problem [33] in supersymmetric theories, which sets upper limits on the reheating temperature of the Universe and therefore requires a relatively light N 1 for successful leptogenesis, also provides a solution to the EDM problem. For M N 1 ∼ 10 8 (10 6 ) GeV the electron EDM is bounded as d e < ∼ 10 −28 (10 −30 ) e cm which is within the reach of the proposed electron EDM experiments [34] .
The outline of our paper is the following. In Section 2 we review the details of nonuniversality effects in the decays K → ℓν. In Section 3 we discuss the RGE effects in supersymmetric models, including running both below and above the GUT scale. Numerical examples are given in Section 4, and we conclude in Section 5.
2 Sfermion Mixing, µ − e Universality in K → ℓν Decays and other Observables
Probing charged-lepton universality in K → ℓν decays [21] is interesting in view of the very promising experimental prospects and since, in a supersymmetric framework, this decay probes mass mixing between the right-handed charged sleptons,m RR . In contrast to mixing between the left-handed charged sleptons,m LL , rare decays and other processes have given us relatively little information yet aboutm RR . It is clear [17] that there would be significant sfermion mixing in the presence of general non-universal soft masses at the GUT scale. Here, however, we will focus on lepton-flavour violation (LFV) induced by the renormalization-group equations for soft terms, in particular through the effects of righthanded neutrinos below the GUT scale and through RG evolution above the GUT scale in models of grand unification.
The decay K → ℓν has been discussed in detail in [17, 18, 19] , where its magnitude was shown to be dominated by [17] 
where ∆
and
In these expressions I is the standard three-point one-loop integral
. As usual we denote
and for the rest of the paper we will drop the flavour indices in δ ij XX . The first term in (2) features a double insertion of LFV mixing, and interferes with the SM contribution, whereas the second term clearly has no such interference. Note that we neglect a term proportional to ∆ Similarly, we neglect the contributions from left-slepton mixing ∆ L as those are numerically subleading [19] . In our numerical calculations we use the full expressions from [18] rather than just the dominant terms (2, 3, 4) . However, the latter expressions are sufficient for discussion of the new physics non-universality effects in kaon decays.
The dependence of the deviation from universality in the K → ℓν decay rates on ∆ 11 RL and ∆
31
R is not complicated; it is clear from the formulae (2, 3, 4) that larger rates are expected for large tan β, a light 'heavy' Higgs mass M H , large µ (note, in particular, that the dominant ∆ ℓℓ RL contribution is proportional to µ), and small slepton masses (in order to avoid suppressions in the three-point loop functions; this can be true for the right-handed staus, in particular). Specifically, for M H = 180 GeV and tan β = 50, one obtains
In general: (i) For the range of parameters where δ LL,RR have small and comparable magnitudes, the interference term proportional to ∆ −5 (which for the above quoted optimal set of supersymmetric parameters would correspond to δ RR ∼ 0.12).
Because of the prefactors in ∆ 3ℓ R , unless x = y = z to a great accuracy (which is not expected, in view of RGE effects), one would typically expect ∆ 3ℓ R ≤ 10 −3 even in models with enhanced non-universalities, such as in [35] . Values of this order of magnitude are potentially interesting for experiment. However, if non-diagonal scalar terms are induced only by RGE effects, one expects rather smaller values of the δ ij XX (and hence ∆ 11 RL and ∆ 31 R ) than in models where universality is explicitly violated. In typical scenarios, one expects the RGE-generated right-handed mixings to be small, whereas the δ LL are found to be generically larger. Nevertheless, it is clear that if there is a signal in K → ℓν decays in the near future, this would imply a non-negligible right-handed slepton mixing, and would inevitably lead to very constrained scenarios, particularly for models with universal initial conditions for the soft terms: models with large tan β, light right-handed staus and large A-terms would be favored.
Moreover, since observable non-universality effects in K decays would require non-negligible τ −e mixing in the RR slepton sector, the LFV decays τ → eγ must inevitably be large, and correlated with the non-universality. This among others would imply strong constraints on the latter from the bound BR(τ → eγ) < 1.1 × 10 −7 [36] .
Before passing to the details of the calculation of the δ ij XX in GUT scenarios, we give a feeling for the magnitudes of δ RR and δ LL required to see a signal in K → ℓν decays, for realistic points in the supersymmetric parameter space. This is done in Fig. 1 , which shows contour plots of the calculated deviation from universality in R K , as functions of the δ ij LL,RR . Contour plot (a), on the left side, indicates that if δ LL and δ RR were to be comparable, and the NA62 experiment reaches the expected sensitivity of 0.003, it would be possible to observe non-universality for slepton mixing parameters δ = O(0.04−0.05), for a feasible set of parameters with a light Higgs boson and a light right-handed third-generation slepton mass. However, from the RGE running one would naively expect that the left-slepton mixing would be larger, and simultaneous mixing in the LL and RR channels would tend to generate unacceptably large flavour violation in channels that are strongly constrained (particularly µ → eγ, which must be kept under control in any LFV SUSY model). This would imply that for non-negligible non-universality in kaon decays δ LL would have to be small. This would then correspond to solutions with a dominant right-handed slepton mixing, as in the contour plot (b) on the right.
We examine in subsequent sections the magnitudes of right-handed slepton mixing that arise in various theoretical scenarios. We first discuss briefly the non-universal corrections to the soft sfermion masses that are induced in the presence of non-zero A-terms, by RGE effects between M GU T and low energies in sample seesaw neutrino-mass models for the complete 3 × 3 mixing. In this case the RR mixing is too small for any observable effect. Subsequently, we consider the possible effects of RGE running above the GUT scale, where the overall right-handed mixing may be amplified in some GUT scenarios.
RGE effects below and above the GUT Scale
In supersymmetric seesaw models of neutrino masses, the RGEs between the GUT scale and the heavy singlet neutrino mass scale generate non-universalities in the soft supersymmetrybreaking scalar masses. These may have implications for rare kaon decays that involve two charged leptons, as well as charged leptons and pions, as have been studied in [16] . In that work only the dominant left-handed slepton mixing was considered, neglecting the subdominant mixing in the right-handed slepton sector.
To proceed, we assume universal initial conditions for the soft terms at the GUT scale, and consider the RGEs including neutrino Yukawa couplings. We also assume a single common mass scale M N for the heavy singlet neutrinos (which may easily be modified, see [29] ). Then, in the leading-logarithmic approximation the RGE-induced soft supersymmetrybreaking terms are given by
The trilinear soft supersymmetry-breaking terms A e,ν are assumed to be related by universal factors A 0 to the corresponding Yukawa couplings Y e,ν . From this equation, it becomes already clear that large values of A 0 could lead to enhanced RGE corrections to soft masses, a feature that we will use in our considerations.
The above equations hold for fully universal initial conditions. However, well-motivated models with deviations from Higgs-scalar fermion universality, as in [26] , induce additional corrections linked to
, where the trace runs over flavours.
It is possible, even likely, that the GUT scale lies significantly below the scale M grav at which gravitational effects can no longer be neglected. In specific models, M grav might be identified with either the Planck mass M P = 1.2×10
19 GeV or some lower string unification scale M string ∼ 10
18 GeV. In general, the renormalization of couplings at scales between M grav and M GU T may induce significant flavour-violating effects, particularly in the δ ij RR , which can be calculated in any specific supersymmetric GUT.
The simplest example is provided by the minimal supersymmetric SU(5) GUT, whose superpotential contains terms of the form e c u cH , where theH is a colour-triplet Higgs field that is expected to have a mass ∼ M GU T . This gives rise to one-loop diagrams that renormalize the right-handed slepton masses between M GU T and M grav . In the leadinglogarithmic approximation, these take the form [12] :
for i = j, where V U denotes the mixing matrix in the corresponding couplings in the basis where the u-quark and charged-lepton masses are diagonal. This is to be compared with the corresponding corrections to left-handed slepton masses, which are proportional to V D , the Dirac neutrino mixing matrix in the basis where the d-quark and charged-lepton masses are diagonal, and are given by (δm
Finally the leading-logarithmic renormalization of the A e terms is given by
One must appeal to a specific GUT model for the structures of the mixing matrices V U,D .
In the case of minimal supersymmetric SU(5), as already remarked, the d-quark mass matrix is the transpose of the charged-lepton mass matrix, and V D is simply the unit matrix. On the other hand, V U is non-trivial, and related to the familiar CKM matrix. We recall that in minimal SU(5) matter fields are arranged in5 ((L, d c ) i ) and 10 supermultiplets ((Q, u c , e c ) i ), the d-quark and charged-lepton masses arise from 10 −5 −H couplings λ5, and the u-quark masses arise from 10−10−H couplings λ 10 . The theory may be written in a basis where the λ5 are diagonal, and hence also the d-quark and charged-lepton masses. In this basis, the d-quark triplets in the 10 supermultiplets are rotated relative to the u-quark triplets and the u c anti-triplets by the familiar CKM matrix V CKM , and the uquark triplets and the u c antitriplets are related by a diagonal phase matrix U with unit determinant [37] . It is clear from the forms of the equations (9, 11) that the phase matrix U is irrelevant for our considerations in this paper, though it might have played a role in generating the baryon asymmetry of the universe [38] .
In this simplest SU(5) one has m b = m τ (a successful relation), m s = m µ and m d = m e (unsuccessful relations) [39] . The latter predictions can be modified by taking into account possible non-renormalizable fourth-order terms in the effective superpotential, of the form H − 10 − 24 −5 [40] , which make different contributions to the d-quark and charged-lepton mass matrices:
implying that, in the basis where m d is diagonal,
where the matrix of couplings λ ′ is non-diagonal, in general. Then, the diagonalization of m
Hence, in this modification of the simplest SU(5) model, the diagonalization of charged lepton mass matrix is not any more given by V CKM and the model can realistically reproduce the observed phenomenology. In a similar manner [25] , the colour-triplet-induced e c u c mixing receives potentially large corrections for the first two generations. Parametrizing the non-renormalizable correction to this mixing by V uR , the RGE induced right-slepton mixing is not given by V CKM as in the minimal model, but by the product
As V uR is not constrained at present, we assume that all possible values of mixing angles parameterizing V R are allowed.
These non-renormalizable corrections also change the forms of the fermion mass matrices, and hence the predictions of this type of flavour texture model within minimal SU(5). For example, the predictions on new physics effects in B s −B s mixing [41] will be modified and the direct relation between the latter and lepton flavour violating observables is lost. Thus, these corrections would also affect the renormalization between the GUT and heavyneutrino mass scales. These effects would also be important for the δ ij LL , but we do not consider them here.
Another GUT scenario is flipped SU (5), in which the fields Q i , d In this case, one would expect that large right-handed slepton mixing could be accommodated more easily. These particle assignments imply a symmetric down-quark mass matrix, and a charged-lepton mixing matrix that is not directly correlated with that of the quarks, and the corresponding mixing angle and phase analysis has been carried out in [42] . However, the correlation between left-handed charged leptons and right-handed u quarks, as well as the direct link between the neutrino and d-quark mass matrices, makes it hard to find a phenomenological model with a U(1) flavour group that also accommodates the solar and atmospheric neutrino data, without fine tuning of the flavour charges [43, 44] . In string-inspired versions of flipped SU(5), natural solutions to the complete fermion data have been found [45] , but the large number of zero entries in the mass matrices imposed by string selection rules leave room only for minimal flavour mixing, and we do not study them further here.
SUSY (Flavour) Parameter Space and Numerical Examples
In order to induce observable non-universality effects in K → ℓν decays due to RGE effects below and above the GUT scale, while respecting all available experimental constraints on flavour conserving and violating processes and cosmology, both the mass pattern of supersymmetry breaking terms as well as their RGE induced flavour structure must be non-trivially constrained. In this Section we first provide an example of a supersymmetry breaking scenario which satisfies all such constraints. Subsequently, we discuss the necessary flavour pattern of the soft supersymmetry breaking parameters and we find how such flavour structures can be RGE induced above and below the GUT scale. We find that the necessary flavour structure for our scenario is very tightly constrained.
The study of models with a mass spectrum that could potentially lead to large K → ℓν decays has been motivated for independent reasons. For instance, the WMAP benchmark scenarios with universal supersymmetry-breaking soft terms studied in [46] include some in the χ −τ 1 coannihilation region, which have light right-handed staus. However, these scenarios generally predict high masses for the heavier Higgs bosons, leading to a suppression of non-universality in K → ℓν decays. This then suggests moving to the study of models that deviate from the minimal schemes, e.g., by breaking the universality of the soft supersymmetry-breaking masses in the Higgs sector [47] . Indeed, soft universality in the Higgs sector is not as well motivated as for the sfermion masses. Moreover, large values for the A-terms would also allow smaller heavy Higgs masses [48] .
When looking for input SUSY parameters at some high scale that are consistent with supersymmetric Dark Matter and with all experimental constraints, we consider the following region of the free parameters:
This scenario resembles the so-called Higgs boson exempt no-scale supersymmetry breaking scenario [26] . In this scheme, all the RGE-corrected SUSY breaking masses at low scale are large, thus explaining why no SUSY particles have been observed so far. The Higgs mass parameters |M H d | 2 ≈ |M Hu | 2 < 0 are negative, triggering the electroweak symmetry breaking. However, the light charged Higgs mass (as well as the correct scale of the electroweak symmetry breaking) are obtained due to the large cancellations between the RGE-corrected SUSY parameters, and are thus tuned. Since m 0 is smaller than all other parameters of the model, RGE-induced LFV is generated by the large parameters M Hu , A 0 via
where V R is the mixing matrix (14) corrected by the higher-dimensional operators and we have assumed that the top quark Yukawa coupling λ u 3 does not receive large corrections. Thus, large off-diagonal elements in both the left-and right-slepton mass matrices are to be expected at low energies.
As a representative example, we take the parameter set appearing in Table 1 , which results in a heavy sparticle spectrum, but a light charged Higgs boson mass. The Higgs mass is fine-tuned, so small changes in the parameters would alter the charged Higgs boson mass significantly. Moreover, since small changes in M1
2
, |M H d |, |M Hu |, A 0 do not drastically alter the rest of the model parameters, in this scenario, the charged Higgs boson mass can essentially be considered as a free parameter. For example, increasing (decreasing) the Higgs mass parameter |M Hu | by 5 GeV compared to the value in Table 1 , would result to a charged Higgs boson of 235 GeV (159 GeV). In the numerical study that follows, we perturb the parameters (15) around the values of Table 1 , so that a light charged Higgs boson is obtained.
We now turn to discuss the constraints on the flavour structure of the SUSY mass matrices. In general, as Section 3 indicates, non-vanishing neutrino masses and large mixing in the neutrino sector imply large LFV effects in the LL slepton sector in SUSY seesaw models. Moreover, the simultaneous presence of LL and RR slepton mixing in the large-tan β regime implies enormous enhancement of LFV decay rates. As the RR mixing is necessary for observable non-universality in the kaon decays under discussion, we have to forbid any significant mixing in the LL slepton sector. This is greatly facilitated by using the parameterization of neutrino seesaw parameters, in terms of effective light neutrino observables and an auxiliary Hermitian matrix H [24] that can be related directly to low-energy observables, including the processes that violate lepton number. Indeed, the Hermitian matrix H in the leading-logarithmic approximation can be regarded as the FLV mixing in the LL slepton sector, and is given by
Observable neutrino masses and mixing can be obtained for 115 Table 1 : Sample supersymmetric particle spectrum that may lead to enhanced nonuniversality in K → ℓν decays. The mass parameters are in GeV units.
which minimizes at leading-logarithmic level all flavour mixings in the left slepton sector. Eq. (19) also implies that the CP violation in the neutrino sector is entirely linked to leptonic CP violation in the light neutrino sector, i.e., to the Dirac phase δ and to the two Majorana phases β 1,2 of the light neutrino mass matrix. These phases give rise to CP violation consistent with leptogenesis [14] , as well as to electric dipole moments of charged leptons [29, 30] . Consequently, in this scenario, high-energy CP violation in N i decays can, in principle, be tested through low-energy measurements.
As already discussed, in contrast to the left-slepton sector, large flavour mixings in the rightslepton sector must exist in order to generate observable non-universality in the K → ℓν decays. Specifically, as discussed earlier, the mixing must be large in the τ − e sector; such a mixing could be induced due to the RGE running above the GUT scale. However if, in addition, considerable mixing exists in the µ −e or µ −τ sectors, the stringent experimental bounds from µ → eγ decays would rule out the scenario. Thus the phenomenological requirements are such that only (1 ↔ 3) LFV mixing is allowed in the RR sector. The above considerations indicate that the SU(5) GUT model must be non-minimal and finetuned in the flavour sector above the GUT scale. In practice this implies that the nonrenormalizable corrections [25] to the coloured triplet Higgs Yukawa couplings must be such that the corrected mixing matrix (14) is, in the standard parameterization, described with the mixing angles θ
We do not speculate on the origin of such a flavour pattern, we just comment that such a model is consistent with phenomenology and allowed by model building [25] .
In conclusion, the flavour constraints on the non-universality parameter ∆ 31 R , the decay BR(τ → eγ) and the EDM of the electron can depend only on Eq. (19) which controls the heavy neutrino parameters and on the (1 ↔ 3) mixing in the RR slepton sector. Thus the flavour structure is essentially fixed, implying particularly strong correlations between the relevant observables.
Although the flavour construction presented above eliminates the most constraining RGEinduced LFV decay µ → eγ at the leading-logarithmic level, dangerous (1 ↔ 2) mixing appears beyond the leading-logarithmic approximation. Our first concern is to check that our numerical calculations are consistent with all the present bounds on LFV decays. In the left panel of Fig. 2 we present a scatter plot of the branching ratios for BR(µ → eγ) and BR(τ → eγ) which are obtained for the SUSY point of Table 1 by randomly generating all the free neutrino seesaw parameters and the right-mixing angle θ R 13 . Since we work in the large-tan β regime, the value of BR(µ → eγ) generated beyond the leading-logarithmic level can be as large as the present experimental bound. The decay rate of τ → eγ is directly controlled by θ R 13 , which constrains its value. There is no correlation between BR(µ → eγ) and the other observables of the model and, thus, both BR(µ → eγ) and BR(τ → eγ) can be suppressed below the present bound by our flavour construction.
However, the right panel of Fig. 2 , in which we plot the non-universality parameter R
LF V K
as a function of BR(τ → eγ) for three different charged Higgs boson masses, indicates a strong correlation between these observables. We conclude that non-universality of this magnitude is indeed observable in the NA62 experiment. Detection of non-universality in K → ℓν decays would allow estimating the LFV rates in the tau sector, provided that the charged Higgs boson mass is determined at the LHC.
We now recall a couple of well-known generic problems in SUSY: the supersymmetric CP problem and the cosmological gravitino problem. In our scenario the parameterization (19) solves both of them provided H 11 ≪ H 22, 33 . Indeed, the EDM of electron, d e , is proportional to H 11 , and its smallness suppresses this EDM independently of the phases arising in other sectors of the theory. At the same time, in this parameterization, Eq. (19) also determines the heavy neutrino mass spectrum. If H 11 ≪ 1, the seesaw mechanism implies that the N 1 mass has to be small, allowing a low reheating temperature of the Universe and solving the gravitino problem. Thus, if our construction is correct, there should be a correlation between the maximal d e and the lightest neutrino mass. In such a case, the standard Fukugita-Yanagida leptogenesis mechanism [28] cannot provide the observed baryon asymmetry of the universe due to too small M N 1 [49] . In our SUSY scenario, therefore, resonant leptogenesis or "soft leptogenesis" [50] turn out to be the favoured leptogenesis mechanisms.
We now study quantitatively the above qualitative statements. We first recall that in the minimal SUSY seesaw model (without right-slepton mixings induced above the GUT scale) one finds strong correlations between the generated baryon asymmetry, the RGE-induced electron electric dipole moment d e and BR(τ → eγ) [14] . The maximally allowed values of d e are a few orders of magnitude below the present experimental bound. This correlation occurs because in the minimal SUSY seesaw model all these observables are generated by the dominant (1 ↔ 3) mixing. In our scenario the (1 ↔ 3) mixing occurs in the right- slepton sector, and such a correlation is expected to be absent. In the left panel of Fig. 3 we present a scatter plot of the values of d e and BR(τ → eγ) for the same parameters as in Fig. 2 . In our scenario, the predicted values of d e can easily exceed the present bound d e < 1.6 · 10 −27 e cm and the CP-violating and LFV observables are not correlated. However, as explained above, there is a correlation between d e and M N 1 , as can be seen in the right panel of Fig. 3 . Indeed, for a fixed M N 1 there is an upper bound on the electron EDM. Therefore our scenario relates the solution of the SUSY CP problem to the gravitino problem -if M N 1 is small enough to be generated thermally at reheating, the electron EDM is suppressed. Thus, avoidance of the gravitino problem in SUSY models could also explain why d e has not been observed so far.
Conclusions
In view of the expected improvements in measurements of K → ℓν decays by the NA62 experiment, we have studied the expected violation of lepton universality in these decays, in supersymmetric models. Unlike flavour-violating decays, which mainly probe the lefthanded sector of the theory, a violation of universality in K → ℓν originates directly from mixing effects in the right-handed slepton sector. In this respect, it would provide a unique probe into this aspect of supersymmetric flavour physics, particularly for large tan β.
Unless universality in the scalar soft terms is violated, K → ℓν decays can give observable rates only in non-minimal grand unified models; this would occur through a combination of RGE effects above the GUT scale and higher-dimensional terms that enhance the mixing among the right-handed sleptons. Even in this case, we are limited to very specific regions of the parameter space, with large A terms and small Higgs masses. Moreover, the very strong bounds from several flavour-violating processes would require a significant suppression of left-handed slepton mixing, would further limit the already constrained the supersymmetric parameter space, and would imply fine-tuned solutions.
We find that, in the scenario under consideration, the flavour structure of the soft supersymmetry breaking terms induced by RGE effects both below and above the GUT scale is essentially fixed. This implies strong correlations between different lepton-flavourviolating processes. In particular, should the NA62 experiment at CERN discover the non-universality effects, observable rates for τ → eγ can be predicted. At the same time, the electron EDM naturally exceeds the present experimental bound unless the lightest heavy neutrino mass is sufficiently small, as seen in Fig. 3 . In this scenario the solution to the supersymmetric gravitino problem is, due to the constrained flavour structure of the neutrino Yukawa couplings, related to the LFV observables and EDMs. In particular, the expected future experimental sensitivity to the electron EDM will put an upper limit to the lightest heavy neutrino mass and to solve (or rule out this solution) to the gravitino problem.
In view of the above, one may hope for either of the following: (i) to see a deviation from lepton universality in the near future, which would imply that we must focus on a very constrained set of solutions in the SUSY parameter space; (ii) to obtain further constraints on the model parameters and unknown aspects of right-handed fermion and sfermion mixing.
